ABSTRACT
INTRODUCTION
Mixing is a basic process of two or more different component becomes a mixture component. In the chemical industry, it is very crucial processes since it will determine the quality of a final product. The objective of mixing is to decrease inequalities and uneven of solute composition in a mixture of two components and to change the fluid flow from heterogeneous to more homogenous condition. By that way, the fluid in the flow becomes less non-uniform by dilute the concentration, density, temperature and others (Almeida et al. 2016) . As well, the mixing behavior is studied to understand of flow structure of process and mixing mechanism (Rudyak et al. 2014) in the system. Generally, mixing in the multiphase flow can be classified into different mixing phase such as solid-liquid, liquid-liquid, gas-liquid and etc. (Johnson et al. 2002 & Ait Mouheb et al. 2012 .
The fluid flow in a channel can be categorized into two classes; microchannel and macrochannel based on the range of its hydraulic diameter. The microchannel is commonly applied in a bioprocess application with laminar flow. The microchannel is defined as the channel with the hydraulic diameter range of 1-200 µm (Othman et al. 2012) . Normally, mixing in the microchannel is based on their diffusivity without turbulence flow effect cause of their laminar flow nature in the microchannel. But, the diffusivity in the microchannel is limited by its short passage. Thus, it is conducted by branch the mainstream of fluid to many substreams to increase the area surface contact between two components to diffuse with each other (Henrik et al. 2000) .
The mixing flow can be categorized into four classes; bulk transport, turbulent, laminar mixing or molecular diffusion (Engler et al. 2004 & Bothe et al. 2006 ). Yet, in the microchannel, only laminar mixing and molecular diffusion can be applied due to the microchannel nature design. The laminar mixing has occurred when two liquids is contacted by side of their contact surface area while molecular diffusion acted as the main mechanism where the molecule is transported from dense to the dilute concentration. Besides, the molecular diffusion is influenced by the diffusion coefficient which based on its viscosity factor and molecule size. As a result, the volume concentration distribution at the initial boundary will keep decreasing as the mixing occurred.
The previous study on the mixing behavior in the microchannel has been carried out by laboratory experiment which requires the built of a prototype. These laboratory experiments have shown the real data with the fundamental hypothesis, meanwhile the simulation technique only depends on the hypothesis that was generated from its programmed. Although the simulation technique showed some an advantages over the real hands-on experiment, the simulation technique has the accurate calculation and 28 capability to choose a model type and inlet data for each study (Eswaran et al. 1988 , Iglberger et al. 2008 , Jason 2010 & Othman et al. 2017 ). Yet, the laboratory experiment has shown a few constraints such as time-limited, bulky equipment and more expenses is needed. Due to that, numerous studies have been done in order to determine the factors that influence the liquids mixing in the microchannel to achieve well mixing (Soleymani et al. 2008 , Ait Mouheb et al. 2012 , Milozic et al. 2014 & Othman et al. 2018 ). In addition, there is two type of micro-mixing either by active or passive micromixer. The active micromixer requires an external force in order to enhance its mixing process; however, the active micromixer has some constraints with its complex fabrication and need some external installation cost. Therefore, due to these constraints, the passive micromixer is more preferred.
As well, the geometry factor such as an obstacle in the microchannel also has been studied which is considered as the alternative to increase the mixing efficiency on the passive micromixer (Wang et al. 2002) . Normally, for mixing purpose, the Y-, T-and serpentine-shape type microchannel is commonly used in the numerous previous studies such as by Soleymani et al. 2008 , Othman et al. 2012 , Ait Mouheb et al. 2012 , Othman et al. 2013 , Milozic et al. 2014 , Othman et al. 2015 & Othman et al. 2018 . Different type of the microchannel is designed with channel geometry that will increase the surface area contact for liquids which gives the higher molecular diffusion for well-mixing condition. The liquid mixing with T-shape type microchannels were carried out to highlighted the three laminar flow regimes in the mixing channel namely, stratified flow, vortex flow and engulfment flow (Engler et al. 2004 , Bothe et al. 2006 , Soleymani et al. 2008 and Ait Mouheb et al. 2012 ). As well, it shown the Y-shape type microchannel is the simplest model with two inlets and one outlet since the mixing time can be shortening by using higher flow rate in the passive microchannel (Wong et al. 2004 & Othman et al. 2015 .
Besides, adding of the cylinder obstacle in the microchannel helps to disrupt the liquid flow and reduce the membrane layer width on the liquid, as well enhances the mixing time in the microchannel (Wang et al. 2002) . Hence, in this study, the liquid-liquid mixing (acetone-water) and flow pattern in the Y-type microchannel was observed at different condition of the feed velocity; 0.01-0.10 m/s, initial concentration; 0.1-0.6 w/w% by volume fraction and two designs of the Y-type microchannel; without and the existence of obstacle in the microchannel.
METHODOLOGY
In this study, Y-type microchannel with and without cylinder obstacle is designed to observe the liquids behavior and flow pattern in the microchannel. The aluminum is used as the built material, while acetone and water are used as the feed of inlets A and B with a composition of acetone and water mixture. Two parameters; feed velocity between 0.01-0.10 m/s and inlets feed composition between of 0.1-0.6 w/w% of acetone is fed to the inlets to observe the mixing pattern in the microchannel. This simulation was conducted using SolidWorks ® and AnsysCFX ® software academic version 17.2. There are five steps in this simulation process where the details process is shown as in Figure 1 . Firstly, the Y-type microchannel is designed by SolidWorks © and then the model is imported and meshing into the AnsysCFX ® software for further simulation step including define the boundary condition and set up the parameter. In this study, there are two designs of the Y-type microchannel; without cylinder obstacle and another one has a cylinder obstacle inside the channel. Both of these design models have the same dimension, only the presence of the cylinder obstacle makes these two model difference. Figure 2 shows the design of Y-type microchannel with (a) its details dimension and cross-section view (b) without and (c) with cylinder obstacle. 
The microchannel consists of two inlets and one outlet with the hydraulic diameter size is 300 µm. The length of the straight channel is 1200 µm with the angle between inlets and Y intersection is 140°. The distance between the inlets to the Y intersection is 550 µm and the diameter size of cylinder obstacle is 100 µm. The location of the obstacle is 150 µm from the intersection point of both inlets A and B. Then, transferring meshing is conducted to set a mode of a simulation model. For this simulation, structured and composed of solid grids is set up for both of Y-type microchannel design. The grid solid structured type of meshing is set up for this three dimensional (3D) microchannel model. The pinch tolerance used for this meshing is 8.95 × 10 -7 m.
SET UP OF BOUNDARY CONDITION AND PARAMETERS
There are three boundary conditions are defined in this microchannel design; inlets A, inlet B and outlets C. The liquid solution of acetone and water are mixed with the variation of acetone and water composition are used as the feed of inlets A and B. The details properties of the water and acetone are shown in Table 1 . The molecular diffusivity of acetone and water is 4.56 × 10 -5 cm 2 /s. The pressure is set up at 1 atm with room temperature at 25°C. The heat transfer is negligible since no changes of temperature observed within the microchannel system.
RESULT AND DISCUSSION
To study and determine the mixing behavior of the acetonewater in the Y-type microchannel, the flow pattern of liquid-liquid density and volume fraction distribution are observed with the variation on the feed velocity, v and initial concentration of acetone, ψ feeds through the microchannel. In this study, the mixing behavior in the microchannel is visualized based on a variation of the feed velocity and initial concentration of acetone, as well the design of Y-type microchannel model either with or without the cylinder obstacle.
VELOCITY EFFECT ON THE FLOW PATTERN OF VOLUME FRACTION DISTRIBUTION IN Y-TYPE MICROCHANNEL WITHOUT OBSTACLE
In this simulation, firstly, the effect of the feed velocity on the flow pattern of the volume fraction distribution in the Y-type microchannel without obstacle was observed. Four simulation tests are done with the velocity's variation at the inlets A and B, v A and v B . The volume fraction of acetone at the inlets A and B are fixed at ψ = 0.5. Figure 3 shows the flow pattern of the volume fraction distribution in the microchannel without obstacle at different feed velocity at the inlets A and B. Only simulation 1.1 (Figure 3(a) ) used the similar velocity for both inlets A and B (refer Table  2 As the overall, these simulation results show that the highest volume fraction distribution was observed at the center area of microchannel which indicated with the green color, while the lowest volume fraction distribution is observed at near the channel wall which indicated with the dark blue color. This is occurred due to the nature of laminar flow profile in a microchannel where the minimum velocity is observed at near to the channel wall. Besides, the wall's velocity is almost zero due to the shear stress effect and interaction between the wall surfaces at near the channel wall. There are two parameters; feed velocity and an initial concentration at both inlets A and B that are manipulated in order to observe and to achieve the optimum mixing condition. The details range of each parameter is shown as in Table 2 and Table 3 . The feed velocity is adjusted at the range of 0.01-0.10 m/s based on the previous study (Othman et al. 2015) where the Reynolds number behaves under the laminar flow in the microchannel should be 1 to 100. While the initial concentration of acetone-water mixed is varied at the inlets A and B at the range of 0.1-0.6 by the volume fraction in order to observe the mixing and flow pattern in the microchannel.
Moreover, based on the flow pattern of the volume fraction distribution in the four simulations, it was observed that as the similar velocity is applied at both of the inlets A and B, the mixing point of two inlets channel is occurred and focused at the center area of the microchannel. On the other hands, when the different velocity is applied at the inlet A and B, the mixing point from two inlets are seemed to be moved toward the lower side of the feed velocity's source. For example, in the simulation 1.1, as the velocity at both inlets is v = 0.05 m/s, the highest mixing point was observed at the intersection of two inlets area and focused on the center area. On the other side, in the others simulation; 1.2, 1.3 and 1.4, the mixing point was not focused on the center area, but towards the side of a channel which the lower feed velocity was applied. It can be observed that the mixing process is occurred at underneath of the center line as the velocity at the inlet B is lower compare to the velocity at the inlet A. Due to this phenomenon, the volume fraction of the acetonewater mixture is well-distributed as the liquid flow continue undergoes the molecular diffusion until passing through the outlet area.
In addition, as shown in Figure 3 , in this study, region C is defined as the stable mixing area in the microchannel. For better understanding, Table 4 summarized the volume fraction distribution of the acetone-water mixture at the region C with the variation of inlets velocity. It shows the simulation 1.2 and 1.3 with the highest average inlet velocity at v = 0.075 m/s and v = 0.065 m/s, shown the well-mixed volume fraction distribution occurred at the region C, ψ C which represents about 0.5-0.6 volume fraction of acetonewater mixture compare to the others simulation condition. These results show the operation condition in the simulation 1.2 and 1.3 is able to achieve more homogenous mixing compared to the simulation 1.1 and 1.4. But, the condition in the simulation 1.2 shown better mixing flow pattern as compared to the simulation 1.3 due to the smallest area of blue color; the lowest volume fraction distribution. From this overall simulation, a high average inlet velocity provides the best mixing distribution along the Y-type microchannel since the mixing behavior in the microchannel is solely occurred due to the molecular diffusion between the acetone and water; as well influenced by the average inlet velocity. Figure 4 shows the flow pattern of density distribution in the microchannel without cylinder obstacle with the velocity variation at the inlets A and B. Only simulation 1.1 (Figure  4(a) ) used the similar velocity for both inlets, while the other simulation used the different velocity at the inlet A and B. The color bar represents the density distribution of the acetonewater mixture in the microchannel where the dark blue color shows the lowest density distribution with the value of 778 kg/m 3 (acetone only). While the red color shows the highest density distribution with value of 998 kg/m 3 (water only) was observed along the microchannel.
As the overall, these simulations result shows the same result with the volume fraction distribution where the well-mixed density was observed at the center area of microchannel which indicated with the green color. While the highest density at near the channel wall which indicated with the red color. The red color on the channel wall side shows that region has a composition of water volume fraction at value 1.0 with density distribution was observed as 998 kg/m 3 . Meanwhile, the dark blue color represents on that region has the maximum composition of the acetone volume fraction; 1.0 and the green color shows the composition of the acetone volume fraction at 0.5% with the density distribution is 898 kg/m 3 . It shows the higher velocity interrupt the flow for being and achieve the well-mixed flow condition as compare to the lowest feed velocity. Besides, at the region C, the highest density distribution was observed in the simulation 1.1 and simulation 1.4 as the value of 938 kg/m 3 was showed which represents in the green lime color compared to the simulation 1.2 and simulation 1.3. This density distribution shows the changes properties of liquids mixing was occurred in the microchannel. The properties of liquid become more homogenous after mixing occurs by molecular diffusion between two solutions from both inlets. The liquid molecular diffused as the surface of liquids is in the contact between them. Figure 5 shows the flow pattern of the volume fraction distribution in the microchannel without the obstacle with a variation of the initial concentration at the inlets A and B. Only the simulation 2.1 (Figure 5(a) ) used the similar initial concentration of the acetone-water mixture at both inlets, while the other simulation used different initial concentration of acetone-water mixture for inlet A and B. For simulation 2.1; both inlets A and B is fed with ψ = 0.6, simulation 2.2; inlet A, ψ A = 0.6 and inlet B ψ B = 0.3, simulation 2.3; inlet A, ψ A = 0.3 and inlet B ψ B = 0.2 and simulation 2.4; inlet A, ψ A = 0.1 and inlet B ψ B = 0.6 w/w %. The color bar represents the volume fraction of the acetone-water mixture in the microchannel where dark blue color shows the lowest volume fraction (0-0.1), while the red color shows the highest volume fraction distribution (0.9-1.0) was observed along the microchannel flow.
For simulation 2.1 as shown in the Figure 5(a) , as similar initial concentration was fed at both inlets A and B; 0.6 w/w%, the uniform concentration distribution was observed at the center microchannel due to the effect shear stress and wall force. It is known that the parabolic velocity profile produces of zero velocity at near the channel wall. While due to high velocity at the center channel; the fluid was being transported and flow moved toward the center of the microchannel (Othman et al. 2013 , Othman et al. 2017 ). In the simulation 2 and 4, as the initial concentration of the acetone-water mixture that fed through the one inlet is denser compared to the others side inlet, more volume fraction distribution was observed toward the opposite side of the channel wall of the dense concentration's feed due to the effect of velocity and shear stress effect at the near to channel wall. Table 5 summarized the final volume fraction distribution of acetone-water mixture at the region C with the variation of initial concentration that fed through the inlet A and B, ψ A and ψ B . It shows that the simulation 2.1 with the initial concentration at both inlets A and B is ψ = 0.6 was achieved the well-mixed of acetone-water mixture which produced solution's concentration of 0.5 w/w% at the region C. Meanwhile, as the simulation 2.4 with the highest difference of the initial concentration, results the least mixing occurred since the final concentration at the region C was not achieve in a stable condition towards the end of a microchannel area. It is because the mixing due to the molecular diffusion in the microchannel is relatively slow especially when two solutions with a severe difference of concentration was mixed; longer time is required for the solutions to achieve the equilibrium level. To observe the effect of microchannel geometry design in order to achieve well-mixing behavior, two design microchannels; Y-type microchannel without the obstacle and with the obstacle was designed. In this simulation, the volume fraction of the acetone at both inlets are set as a manipulated parameter with fixed velocity at v = 0.05 m/s. The range of the initial concentration of acetone-water mixture fed through the inlets A and B is between 0.1-0.6 w/w%. Figure 6 shows the effect of the initial concentration on the flow pattern of volume fraction distribution in two type microchannel; without cylinder obstacle design (left side of Figure 6 ) and with the cylinder obstacle design (right side of Figure 6 ). For better understanding, Table 6 shows the summary of the volume fraction distribution at the two design types of the microchannel. It shows the design of the Y-type microchannel with obstacle gives a better mixing pattern compared to the Y-type microchannel without the cylinder obstacle. The existence of cylinder obstacle is functioned as the supportive geometry which contributes to achieving an efficiency of mixing. As the liquid pass through the obstacle, the liquid flow will have extra addition momentum which will cause the increasing of liquid-liquid mixing and residence time of molecular diffusion is increased in the microchannel. As the feed of two inlets have the drastic difference in the initial concentration as shown in the simulation 2.4 which the initial concentration at inlet A is ψ A = 0.1 and at inlet B is ψ B = 0.6. It shows that its requires either much longer time and lengthier channel to achieve the equilibrium point between this two feeds. On the other hand, with the presence of the cylinder obstacle in the Y-type microchannel, for example in the case of simulation 2.4, it enhances the mixing performance without the longer channel. Therefore, the supportive geometry such as cylinder obstacle helps to enhance the liquid-liquid mixing in the Y-type microchannel.
CONCLUSION
Two geometries design of the Y-type microchannel; without and with the cylinder obstacle are designed in this study in order to observe the effect of the initial concentration and feed velocity on the flow pattern of volume fraction and density distribution in the microchannel. The simulation results show at the average velocity of v o = 0.075 m/s and the initial concentration at the inlets A and B is ψ = 0.6, it gives the best mixing condition based on the homogenous final concentration at the region C. Besides, as the feed concentration is similar or likely same, then shorter time is requiring for molecular diffusion achieves equilibrium in liquids mixing. Lastly, it shows the final concentration at the region C, ψ C is become homogenous in the Y-type microchannel with obstacle as compared to Y-type microchannel without obstacle. The presence of the obstacle produced an addition momentum on the liquid-liquid interaction that enhanced the liquid-liquid (acetone-water) mixing. It can be concluding that supportive geometry on the microchannel such as the installation of an obstacle can be applied to enhance the mixing process as the mixing by molecular diffusion is quite sluggish.
